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(54) Plate-type chemical reactor 

(57) A plate-type chemical reactor and method of 
using same to react two or more mutually separated 
fluid component streams are disclosed, wherein the 
reactor contains one or more reactor plates including at 
least one reaction-chamber reactor plate; at least one 
reaction chamber formed on a front facial surface of the 
reaction-chamber reactor plate(s); and at least one heat 
exchange channel passing through the reaction-cham- 
ber reactor plate(s) such that at least one section of 



heat exchange channel(s) is disposed in a heat 
exchange relationship with the reaction chambers); the 
reaction chamber containing: a plurality of inlet means 
for receiving and directing a plurality of mutually sepa- 
rated fluid component streams, a first mixing zone for 
mixing the separated fluid component streams to form a 
single at least partially reacted multicomponent fluid 
stream thereof, and at least one outlet means. 
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Description 

This invention relates to a chemical reactor. More 
particularly, this invention relates to a plate-type chemi- 
cal reactor for reacting two or more fluid components, 
wherein the reactor contains both static mixing means 
and heat exchange means. 

Chemical reactors are widely used in industry to 
carry out reactions between two or more fluid compo- 
nents, for example, between liquids and liquids, gases 
and gases, slurries and slurries, liquids and gases, liq- 
uids and slurries, and gases and slurries. 

Many industrial reactors are large, fixed-site units 
designed for continuous operation at roughly constant 
throughput. These reactors typically have a conven- 
tional shell-and-tube design wherein reactants pass 
through catalyst-containing tubes while heat, usually in 
the form of hot gases contained within the shell, is 
applied to the outside of the tube. 

A major drawback to shell-and-tube type reactors in 
general is the size of these reactors. Their large size 
makes these reactors less desirable for use in applica- 
tions requiring a more compact reactor. For such appli- 
cations, plate-and-frame design reactors tend to be 
preferred. 

Plate-and-frame type reactors provide a more com- 
pact overall unit than the conventional shell-and-tube 
reactors and also provide a high degree of modularity. 
For these reasons, plate-and-frame reactors tend to be 
used in industrial applications which require high per- 
formance and efficiency with relatively low cost, small 
volume, and light weight. 

Plate-and-frame type reactors are disclosed, for 
example, in U.S. Patent Nos. 5,209,906 and 4,933,242. 

Despite their relatively compact size, however, 
many plate-and-frame reactors are still undesirably 
bulky and expensive to make. This is generally because 
the plates in these reactors tend to be thick. Such thick 
plates make these plate-type reactors bulky and, there- 
fore, more expensive to make, inspect, clean, re-use 
and/or replace. It would be desirable, therefore, to pro- 
vide less bulky plate-type reactors. Less bulky plate- 
type reactors can be produced more economically and 
more efficiently on demand with a variety of different 
interchangeable structures to satisfy a wide variety of 
needs. 

Many reactions carried out in reactors either gener- 
ate or absorb heat. Such reactions include, for example, 
those involving the processing of viscous liquids or the 
reaction of gaseous or liquid systems in contact with a 
solid catalyst. In such reactions, it is often vital to main- 
tain the reactants at a closely specified temperature and 
to remove or add heat during the process depending on 
whether the reaction is exothermic or endothermic. 
Inadequate temperature control can lead to undesirable 
products. For example, in free radical polymerizations, 
the loss or lack of adequate temperature control can 
result in products having undesirable molecular weight 
and, hence, undesirable physical properties. In isother- 
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mal reactions, inadequate temperature control may lead 
to undesired crosslinking, or, where a thermoplastic 
product is desired, to the formation of undesirable 
crosslinked gels, in some cases, excessive temperature 

5 may cause depolymerization coupled with degradation 
of the molecular weight. 

In many instances, temperature gradients com- 
bined with residence time variations can lead to signifi- 
cantly low product yields. 

10 Precise control of reaction conditions can be partic- 
ularly necessary in reactions carried out in stages, in 
such reactions, a first stage often requires certain com- 
ponent concentrations, dwell times, and temperatures 
for optimum results, while subsequent stages require a 

75 different set of conditions to most efficiently produce a 
product having maximum purity. 

Therefore, it is desirable to provide a reactor which 
has means for controlling the temperature and the resi- 
dence time of the reactants therein, whether the reac- 

20 tion is carried out in a single stage or in multiple stages. 
Reactors which reportedly have means for controlling 
temperature are disclosed, for example, in U.S. Patent 
Nos. 5,209,906 to Watkins et al.; 4,421,162 to Tollar; 
and 3,528,783 to Haseldon, all of which are hereby 

25 incorporated by reference herein. 

It is further desirable that a reactor have means 
therein for mixing the reactants. 

Mixers generally fall into two classes, i.e., continu- 
ous mixers and batch mixers. In a continuous mixer, 

30 components to be mixed are introduced at a particular 
flow rate into a mixing chamber where the components 
are mixed by means of mechanical stirring and/or the 
action of the velocity and turbulence of the components. 
Unfortunately, continuous mixers do not always provide 

35 sufficient contact between molecules of the compo- 
nents to effect complete mixing thereof. If the object of 
the mixing is to react the components, excess reagent is 
often required to compensate for the inefficiency of the 
mixing and to achieve as much contact between the 

40 molecules of the components as possible. Thus, the 
inefficiency of continuous mixers results in additional 
costs associated with the use of excess reagent as well 
as the use of energy to operate the mixer. 

In a batch mixer, a plurality of components to be 

45 mixed are placed in a container and mixed together by 
means of stirring, rotation, tumbling or the like. Batch 
mixers also have drawbacks. For example, batch mixing 
is relatively slow since the process involves feeding the 
components into the mixing chamber, mixing the com- 

50 ponents for a period of time sufficient to mix the entire 
volume of components, and then removing the mixture 
from the mixing chamber. In addition, batch mixers are 
typically large structures since an entire batch is mixed 
at one time. Furthermore, batch mixers tend to operate 

55 inefficiently. 

It is desirable, therefore, to provide a reactor which 
itself contains a mixing means so as to efficiently and 
thoroughly mix together a plurality of components. It is 
further desirable that such a mixing means be com- 
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pletely static in operation and include no moving parts. 
In addition, it is desirable that such a mixing means be 
flexible enough to accommodate a variety of specific 
needs and system configurations. Furthermore, it is 
desirable that the reactor provide temperature control at 5 
the region therein where mixing takes place. 

Static mixers are well known mixing devices which 
generally contain no moving parts. Mixing is achieved in 
static mixers by directing a moving stream against sta- 
tionary elements which twist and cut the stream or force 10 
the stream through channels or tubes. The multiple sub- 
dividing and recombining of a stream in the static mixer 
homogenizes the stream. Static mixers may also be 
used to mix together two diverse fluids or to blend 
together various components broken down from a sin- 15 
gle fluid. For example, raw milk containing large glob- 
ules of butter fat is frequently homogenized into a 
uniform and consistent product by means of a static 
mixer. 

It is desirable, therefore, that the mixing means in 20 
the reactor be composed of a static mixer. 

A primary object of the present invention is to pro- 
vide a reactor containing means therein for controlling 
temperature of the components to be reacted. 

Another object of the present invention is to provide 25 
a reactor containing means therein for mixing the com- 
ponents. 

A further object of the present invention is to pro- 
vide a reactor which is capable of mixing components 
therein at a point where temperature is best controlled. 30 

A further object of the present invention is to pro- 
vide a reactor containing means therein for controlling 
temperature in said mixing means. 

Another object of this invention is to provide a reac- 
tor having means for controlling the degree of mixing of 35 
the components. 

A still further object of the present invention is to 
provide a reactor having means therein for controlling 
the residence time of the components in the reactor. 

Another object of this invention is to provide a reac- 40 
tor having means for controlling the degree of mixing of 
the components. 

An additional object of this invention is to provide a 
reactor having means for controlling residence time of 
the components, temperature of the components, and 45 
degree of mixing in stages. 

Another object of the present invention is to provide 
a reactor which is less bulky and less expensive to 
make, clean, inspect, re-use and replace than prior 
reactors. so 

A still further object of this invention is to provide a 
method of reacting two or more components by means 
of a reactor having the characteristics set forth in one or 
more of the foregoing objects. 

These and other objects which are achieved 55 
according to the present invention can be discerned 
from the following description. 

The present invention provides a plate-type chemi- 
cal reactor for reacting two or more mutually separated 



fluid component streams, containing one or more reac- 
tor plates including at least one reaction-chamber reac- 
tor plate; at least one reaction chamber formed on a 
front facial surface of the reaction-chamber reactor 
plate(s); and at least one heat exchange channel pass- 
ing through the reaction-chamber reactor plate(s) such 
that at least one section of heat exchange channel(s) is 
disposed in a heat exchange relationship with the reac- 
tion chamber(s); the reaction chamber containing: a plu- 
rality of inlet means for receiving and directing a plurality 
of mutually separated fluid component streams, a first 
mixing zone for mixing the separated fluid component 
streams to form a single at least partially reacted multi- 
component fluid stream thereof, and at least one outlet 
means. 

In preferred embodiments, the reactor of this inven- 
tion further contains at least one turbulence-inducing 
zone upstream of the first mixing zone and at least one 
flow-splitting means disposed downstream of the first 
mixing zone. 

The turbulence-inducing zone is adapted to induce 
turbulence in the fluid component streams before or dur- 
ing mixing thereof into the at least partially reacted mul- 
ticomponent fluid stream. The turbulence-inducing zone 
may be formed by any conventional means such as. 
e.g., baffles. Preferably, the turbulence-inducing zone is 
formed by means of the configuration of the reaction 
chamber itself. For example, in Figs. 1-10 herein, the 
narrowing of the X-shaped reaction chamber at or just - 
prior to the first mixing zone thereof causes a stream 
passing through the narrowed portion to increase in 
velocity and in turbulence. 

The flow-splitting means is adapted to divide the at 
least partially reacted multicomponent stream into a 
plurality of at least partially reacted multicomponent 
substreams which can then be re-combined and re- 
divided a desired number of time to ensure thorough 
mixing of the components. The reaction chamber(s) 
preferably has an X-shaped configuration or a T-shaped 
configuration. 

The present invention is also directed to a method 
of reacting two or more fluid component streams by 
means of the reactor of this invention. 

A primary advantage of the reactor of this invention 
is that a plurality of first mixing zones, turbulence-induc- 
ing zones, flow-splitting channels and reaction cham- 
bers can be formed at relatively low expense if these 
flow paths are formed by etching and the reactor 
plate(s) is relatively thin. In addition, the reactor of this 
invention provides greater control over temperature, 
residence time, and degree of mixing therein. 

Fig. 1 is a schematic illustration of a cross-sectional 
side view of a first embodiment of a reactor within the 
scope of the present invention, wherein the reactor is 
composed of two end-plates and a stack of reactor 
plates disposed between the two end-plates. 

Figs. 2a and 2b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a first 
end-plate disposed in the reactor shown in Fig. 1 . 
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Figs. 3a and 3b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a first 
reactor plate disposed in the reactor shown in Fig. 1. 

Figs. 4a and 4b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a second 5 
reactor plae disposed in the reactor shown in Fig. 1 . 

Figs. 5a and 5b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a third 
reactor plate disposed in the reactor shown in Fig. 1. 

Figs. 6a and 6b represent, respectively, a top view 10 
and a longitudinal cross-sectional side view of a fourth 
reactorr plate disposed in the reactor shown in Fig. 1 . 

Figs. 7a and 7b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a fifth 
reactor plate disposed in the reactor shown in Fig. 1 . 15 

Figs. 8a and 8b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a sixth 
reactor plate disposed in the reactor shown in Fig. 1. 

Figs. 9a and 9b represent, respectively, a top view 
and a longitudinal cross-sectional side view of a seventh 20 
reactor plate disposed in the reactor shown in Fig. 1. 

Figs. 10a and 10b represent, respectively, a top 
view and a longitudinal cross-sectional side view of a 
second end-plate disposed in the reactor shown in Fig. 
1. ~ 25 

Figs. 11a and 11b respectively represent top and 
longitudinal cross-sectional side views of a stack of 
reactor plates which can be used in a second embodi- 
ment of a reactor within the scope of this invention. 

Figs. 12a and 12b respectively represent top and 30 
longitudinal cross-sectional side views of a first reactor 
plate present in the stack of reactor plates shown in 
Figs. 11a and 11b. 

Figs. 13a and 13b respectively represent top and 
longitudinal cross-sectional side views of a second 35 
reactor plate present in the stack of reactor plates 
shown in Figs. 1 1 a and 1 1b. 

Figs. 14a and 14b respectively represent top and 
longitudinal cross-sectional side views of a third reactor 
plate present in the stack of reactor plates shown in 40 
Figs. 11a and 11b. 

Figs. 15a and 15b respectively represent top and 
longitudinal cross-sectional side views of a fourth reac- 
tor plate present in the stack of reactor plates shown in 
Figs. 11a and 11b. 45 

In the reactor of this invention, at least two fluid 
component streams are mixed together on a common 
facial surface of a reactor plate in the reactor while 
simultaneously undergoing heat exchange with at least 
one heat exchange fluid present in the reactor. Thus, in so 
the reactor of this invention, mixing and heat exchange 
take place simultaneously on a common facial surface 
of a reactor plate therein. 

The reactor of this invention is composed of one or 
more reactor plates including at least one reaction- 55 
chamber reactor plate, and at least one heat exchange 
channel passing through the at least one reaction- 
chamber reactor plate. In preferred embodiments, the 
reactor of this invention contains a plurality of reactor 



plates, wherein the plates are stacked in a front-to-back 
facial configuration. In more preferred embodiments, 
the plurality of reactor plates are stacked between first 
and second end-plates. 

In the reactor of this invention, each reactor plate 
will contain at least one "reaction chamber" and/or at 
least one "flow-separation chamber". The term "reaction 
chamber" as used herein refers to a chamber wherein 
multiple components undergo reaction with one 
another. The term How-separation chamber" as used 
herein refers to a chamber wherein the at least partially 
reacted multicomponent fluid stream is split into a plu- 
rality of at least partially reacted multicomponent fluid 
substreams. 

In the reactor of this invention, at least one reactor 
plate is a "reaction-chamber reactor plate". The term 
"reaction-chamber reactor plate" as used herein refers 
to a reactor plate which has formed on a front facial sur- 
face thereof at least one reaction chamber. A reaction- 
chamber reactor plate may contain only reaction cham- 
bers or may further contain one or more flow-separation 
chambers. In some preferred embodiments, the reactor 
of this invention will be further composed of at least one 
"flow-separation reactor plate". As used herein, the term 
"flow-separation reactor plate" refers to a reactor plate 
having formed on a front facial surface thereof at least 
one flow-separation chamber. A flow-separation reactor 
plate may contain only flow-separation chambers or 
may further contain one or more reaction chambers. If a 
reactor plate contains both a reaction chamber and a 
flow-separation chamber, the plate will be referred to 
herein as a "reaction-chamber reactor plate" if the most 
upstream chamber therein is a reaction chamber, rf the 
most upstream chamber is a flow-separation chamber, 
the plate will be referred to herein as a "flow-separation 
reactor plate". 

In one preferred embodiment of the reactor of this 
invention, each reactor plate is a reaction-chamber 
reactor plate. This embodiment is illustrated herein, 
e.g., in Figs. 1-10. 

In another preferred embodiment of the reactor of 
this invention, the reactor plates will include at least one, 
preferably multiple, reaction-chamber reactor plates 
and at least one, preferably multiple, flow-separation 
reactor plates, wherein each flow-separation reactor 
plate separates two reaction-chamber reactor plates. 
This embodiment is illustrated, for example, in Figs. 11- 
15 herein. 

The reaction chamber contains a plurality of inlet 
means for receiving and directing a plurality of mutually 
separated fluid component streams, a first mixing zone 
for combining the separated fluid component streams to 
form a single at least partially reacted multicomponent 
fluid stream thereof, and at least one outlet means. 

In preferred embodiments of this invention, the 
reactor will be composed of a plurality of the reaction 
chambers, wherein the reaction chambers will be seri- 
ally joined. The reaction chambers may ail be formed in 
a single reactor plate or may be distributed in a plurality 
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of reactor plates. In one particularly preferred embodi- 
ment, the reactor of this invention will be composed of a 
plurality of reaction-chamber reactor plates, arranged in 
a front-to-back facially-stacked configuration, wherein 
each reaction-chamber reactor plate has formed on a 5 
front facial surface thereof a plurality of reaction cham- 
bers. 

When a plurality of reaction chambers are used, the 
chambers are preferably serially joined, i.e., each reac- 
tion chamber, other than the first reaction chamber in 10 
the series, is disposed in fluid communication with a 
preceding (i.e., upstream) reaction chamber in the 
series; and each reaction chamber, other than the last 
reaction chamber in the series, is disposed in fluid com- 
munication with a subsequent (i.e., downstream) reac- 15 
tion chamber. 

Preferably, the plurality of inlet means in the reac- 
tion chamber(s) is disposed to receive the mutually sep- 
arated fluid component streams in a primary direction 
and to direct the streams in directions substantially nor- 20 
mal to the primary direction. As used herein, the term 
"primary direction" refers to a direction which is sub- 
stantially normal to and toward the front facial surface(s) 
of the reactor plate(s). 

In preferred embodiments of the reactor of this 25 
invention, the reaction chamber(s) further contains a 
turbulence-inducing zone for inducing turbulence in the 
separated fluid component streams before or during the 
mixing of the streams in the first mixing zone. The turbu- 
lence-inducing zone is preferably disposed downstream 30 
of and in fluid communication with the inlet means and 
upstream of and in fluid communication with the first 
mixing zone. 

The first mixing zone is disposed downstream of 
and in fluid communication with the plurality of inlet 35 
means. The first mixing zone is adapted to combine the 
separated fluid component streams to form a single at 
least partially reacted multicomponent fluid stream 
thereof. In preferred embodiments of the reactor of this 
invention, at least one section of the heat exchange 40 
channel(s) is disposed in a heat exchange relationship 
with the first mixing zone. The heat exchange relation- 
ship between the first mixing zone and the section(s) of 
the heat exchange channel(s) allows mixing and heat 
exchange to occur on a common facial surface of the 45 
reactor plate. 

In preferred embodiments of the reactor of this 
invention, the reactor further comprises a flow-splitting 
means for splitting the single at least partially reacted 
multicomponent fluid stream formed in the first mixing so 
zone of the reaction chamber(s) into a plurality of at 
least partially reacted multicomponent fluid substreams. 
The flow-splitting means may be disposed in the reac- 
tion chamber(s) itself or in a separate flow-separation 
chamber formed in said reaction-chamber reactor plate 55 
or in a separate flow-separation reactor plate. The flow- 
splitting means can be composed of any physical bar- 
rier or flow-splitter conventionally used to divide a 
stream into substreams. 



In one particularly preferred embodiment, the flow- 
splitting means will be located in the reaction chamber 
itself, wherein the flow-splitting means will be disposed 
downstream of and in fluid communication with the first 
mixing zone. This embodiment is shown, e.g., in Figs. 1- 
10 herein. 

In another particularly preferred embodiment, men- 
tioned previously herein, the flow-splitting means will be 
disposed in a separate flow-separation chamber, prefer- 
ably formed in a separate reactor plate disposed adja- 
cent to the reaction-chamber reactor plate(s). 
Preferably, each flow-separation reactor plate will be 
disposed between two reaction-chamber reactor plates. 
Preferably, when the flow-splitting means is disposed in 
a separate flow-separation chamber, each reaction- 
chamber reactor plate will contain a plurality of reaction 
chambers and each flow-separation reactor plate will 
contain a plurality of flow-separation chambers, 
wherein, more preferably, the reaction chambers and 
the flow-separation chambers are arranged as a series. 
In such a series, each flow-separation chamber is dis- 
posed between and in fluid communication with two 
reaction chambers. This embodiment is illustrated, for 
example, in Figs. 11-15 herein. 

The number of outlet means will depend on 
whether the reaction chamber(s) contains a flow-split- 
ting means disposed therein. If the reaction chamber(s) 
does not contain a flow-splitting means, the chamber(s) 
will generally have a single outlet means through which 
the single at least partially reacted multicomponent fluid 
stream exits the chamber. On the other hand, if the 
reaction chamber contains a flow-splitting means, the 
chamber(s) will preferably have a plurality of outlet 
means, wherein each of the outlet means is disposed to 
receive one of the at least partially reacted multicompo- 
nent fluid substreams. 

The flow-splitting means is disposed to receive the 
single at least partially reacted multicomponent fluid 
stream formed in the first mixing zone of the reaction 
chamber(s) and to split the stream into a plurality of 
mutually separated at least partially reacted multicom- 
ponent fluid substreams. 

The flow-splitting means may be disposed in the 
reaction chamber itself or in a separate flow-separation 
chamber disposed in fluid communication with the reac- 
tion chamber. If the flow-splitting means is located in the 
reaction chamber, the flow-splitting means is generally 
disposed downstream of the first mixing zone and 
upstream of the outlet means. The flow-splitting means 
is preferably adapted to split the single at least partially 
reacted multicomponent fluid stream in the second 
direction, i.e., a direction which is substantially normal 
to the first direction in which the separated streams are 
received by the inlet means of the reaction chamber. 

In another embodiment of the reactor of this inven- 
tion, the at least one flow-splitting means is located in at 
least one separate flow-separation chamber which is 
disposed in fluid communication with the reaction cham- 
ber. The flow-separation chamber(s) is formed in a front 
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facial surface of at least one second reactor plate. Pref- 
erably, the flow-separation chamber is disposed to 
receive the single multicomponent fluid stream in the 
first direction from the outlet means of the reaction 
chamber. 5 

If the flow-splitting means is disposed in the reac- 
tion chamber, the reaction chamber(s) may further con- 
tain at least one second mixing zone which is in fluid 
communication with and downstream of the flow-split- 
ting means. The second mixing zone is preferably dis- 10 
posed in a heat exchange relationship with a second 
section of the heat exchange channel(s) or with a sec- 
ond heat exchange channel. A second turbulence- 
inducing zone can be disposed upstream of and in fluid 
communication with the second mixing zone to ensure 75 
more thorough mixing therein. 

The heat exchange channel(s) extends through the 
first reactor plate or plates and at least one section 
thereof is disposed in a heat exchange relationship with 
the reaction chamber(s). Preferably, the section of the 20 
heat exchange channel which is disposed in a heat 
exchange relationship with the reaction chamber(s) will 
be disposed in a heat exchange relationship with the 
first mixing zone of the reaction chamber This section 
of the heat exchange channel will be disposed either 25 
downstream of the first mixing zone or within the first 
mixing zone. Preferably, the heat exchange channel 
section will transverse the first mixing zone by means of 
a port or through-hole formed in the first mixing zone. 

The first mixing zone is disposed downstream of 30 
and in fluid communication with the plurality of inlet 
means. The first mixing zone is adapted to combine the 
separated fluid component streams to form a single at 
least partially reacted multicomponent fluid stream 
thereof. In preferred embodiments of the reactor of this 35 
invention, the heat exchange channel (s) is disposed in a 
heat exchange relationship with the first mixing zone. 
Most preferably, the heat exchange channel(s) trans- 
verses the mixing region as shown, e.g., in Figs. 1-10 
herein. 40 

The reaction chamber(s) of the reactor of this inven- 
tion may further comprise one or more inlet and outlet 
channels. Such channels may be useful, e.g., for adding 
a new reagent at the proper step in a staged reaction or 
for diverting from the reaction chamber a portion of the 45 
reagent, a separated stream or the single multicompo- 
nent fluid stream formed in the first mixing zone. 

In preferred embodiments, the reactor of this inven- 
tion is composed of at least one first end-plate and at 
least one second end-plate, wherein the reactor plate or so 
stack of reactor plates are disposed between the first 
and second end-plates. The end-plates function in part 
to confine the flow of fluid within the reactor. The first 
end-piate(s), which is generally situated on a front facial 
surface of a reactor plate (e.g.. the top reactor plate in a 55 
stack of reactor plates), may function in part as an inlet 
distribution plate through which the component fluid 
streams and the heat exchange fluid(s) are introduced 
into the reactor of this invention. The first end-plate(s), 



as well as the second end-plate(s), which is generally 
disposed on a back facial surface of a reactor plate 
(e.g., the bottom reactor plate in a vertical stack of reac- 
tor plates) may also function in part as heat exchange 
fluid-distribution plates, wherein each end-plate con- 
tains a manifold channel for transporting the heat 
exchange fluid from one series of reaction chambers to 
another series of reaction chambers. Thus, the first end- 
plate^) preferably contains at least one first inlet-port 
for the at least one heat exchange fluid and a plurality of 
second inlet-ports for the mutually separated fluid com- 
ponent streams; and the second end-plate(s) preferably 
contains at least one outlet-port or at least one flow- 
transfer channel for the at least one heat exchange fluid. 
Thus, in the method of this invention, the at least one 
heat exchange fluid is preferably introduced into the 
reactor by passing the heat exchange fluid(s) through 
the first inlet-port(s) and through the outlet-port(s) or the 
flow-transfer channel(s), while the mutually separated 
fluid component streams are passed through the sec- 
ond inlet-ports. 

The end-plates are preferably removable from the 
reactor plates on which the end-plates are disposed. 

The end-plates can be composed of any material 
which allows the plates to perform their purposes as 
stated hereinabove. The end-plates can be made of the 
same material as is found in the reactor plates. 

In the reactor of this invention, the reaction cham- 
bers) preferably has an X-shaped configuration such 
as illustrated, e.g. in Figs. 1-10 herein, or a T-shaped 
configuration such as illustrated, e.g., in Figs. 11-15 
herein. The flow-separation chamber(s) preferably has 
an oblong-shaped configuration or a T-shaped configu- 
ration, both of these configurations being shown in Figs. 
11-15 herein. 

In addition to the reactor plate(s) and the end- 
plates, the reactor of this invention may further contain 
one or more distribution flow plates which function to 
distribute flow of the streams to be reacted, the reacted 
or partially reacted stream(s), and the heat exchange 
fluid(s) from one reactor plate to another reactor plate 
and/or from an end-plate to a reactor plate and/or from 
a reactor plate to an end-plate. 

The reactor plates used in the reactor of this inven- 
tion are preferably thin, with each plate preferably hav- 
ing a thickness of from about 0.001 inch to about 1.0 
inch, more preferably from about 0.01 inch to about 0.25 
inch, and most preferably from about 0.01 inch to about 
0.10 inch. 

Each reaction chamber formed in the reactor 
plate(s) preferably has a depth of from about 10% to 
about 80%, more preferably from about 30% to about 
70%, of the depth of the reactor plate on which the reac- 
tion chamber is formed. 

The reactor plate(s) are preferably composed of a 
thermally conductive material, more preferably metal. 
Suitable metals include, e.g., stainless steel, aluminum, 
aluminum-based alloys, nickel, iron, copper, copper- 
based alloys, mild steel, brass, titanium and other 
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micromachinable metals. 

The plates may have any suitable shape. For exam- 
ple, the plates can be square, rectangular, round and 
the like. 

The reaction chamber(s) and. if present, the flow- 
separation chamber(s) are preferably formed by means 
of a micromachining process. Non-limiting examples of 
suitable micromachining processes include etching, 
stamping, punching, pressing, cutting, molding, milling, 
lithographing, and particle blasting. Most preferably, the 
micromachining process is an etching process. 

Etching, e.g., photochemical etching, provides pre- 
cisely formed cavities and channels while being less 
expensive than many other conventional machining 
processes. Furthermore, etched perforations generally 
do not have the sharp corners, burrs, and sheet distor- 
tions associated with mechanical perforations. Etching 
processes are well known in the art and are typically 
carried out by contacting a surface with a conventional 
etchant. 

When the reactor is composed of a stack of reactor 
plates, the reactor plates are preferably joined to one 
another to form a rigid structure. The plates may be 
removably held together and made leakproof by means 
of pressure, bolts, rivets, clamps, and the like; or the 
plates may be laminated, bonded, glued, soldered, or 
brazed together to form a composite. Preferably, the 
individual reactor plates are removably attached to one 
another to facilitate cleaning, inspection and re-use of 
the plates. 

As mentioned hereinabove, the present invention is 
further directed to a method of reacting two or more fluid 
component streams by means of the reactor of this 
invention. The method of this invention generally 
involves: directing a plurality of mutually separated fluid 
component streams into the plurality of inlet means in 
the reaction chamber(s) and through the reactor from 
the plurality of inlet means in the reaction chamber(s) 
through the at least one outlet means of the reaction 
chamber(s), while directing at least one heat exchange 
fluid through the section of the at least one heat 
exchange channel. 

Preferably, the heat exchange fluid(s) is directed 
into the reactor through one or more first heat-exchange 
ports formed in the first end-plate(s) and, more prefera- 
bly, through one or more heat-exchange ports formed in 
a distribution plate disposed upstream of a first reactor 
plate in the reactor. The heat exchange fluid(s) can be 
directed out of the reactor by means of one or more sec- 
ond heat-exchange ports formed in the first or second 
end-plate(s). 

The mutually separated fluid component streams 
are preferably introduced into the reactor through the 
component-inlet ports formed in the first end-plate(s). 
The fluid component streams may also be passed 
through component-ports formed in one or more distri- 
bution plates disposed upstream of the reactor plates or 
disposed between reactor plates. 

The fluid component streams are preferably 



directed into the inlet means of the reaction chambers) 
in the primary direction. In addition, if one or more flow- 
separation chambers are used, the single murticompo- 
nent fluid stream is preferably directed in the primary 
5 direction into the inlet means of the flow-separation 
chamber(s). 

The number of reaction chambers and f low-separa- 
" tion chambers (if used) and the number of reactor plates 
used in the reactor and the number of times the method 

10 of this invention can be repeated will depend at least in 
part on the number of reaction chambers required to 
achieve sufficient mixing of the components so as to 
form the desired reaction product or products in the 
desired concentration or concentrations. The suffi- 

75 ciency of mixing, in turn, will depend at least in part on 
the design of the reaction chambers themselves. 

The reactor and method of this invention can be 
more fully described by reference to Figs. 1-15 herein. 
Figs. 1-10 represent one embodiment of a reactor 

20 within the scope of this invention, wherein the reactor is 
composed of X-shaped reaction chambers. 

In Figs. 1-10, reactor 4 contains distribution flow- 
plates 12 and 24; reaction -chamber reactor plates 14, 
16, 18, 20, and 22; and first and second end-plates E1 

25 and E2. Flow-plates 12-24 are stacked adjacent to one 
another in a front-to-back facial configuration and sand- 
wiched between the first and second end-plates. 

Figs. 1-10 illustrate, in part, how end-plates E1 and 
E2 can circulate a heat exchange fluid through reactor . 

30 4, and thus provide multiple opportunities for heat 
exchange between the heating or cooling fluid and the 
component fluid streams as the reaction stages pro- 
ceed. The design of the end-plates can be varied to 
connect the vertical heat exchange channel sections 

35 78a-78d in any desired manner. Thus, the heat 
exchange fluid can be delivered to any part of the reac- 
tor. If two or more heat exchange fluids are used, each 
can have a different temperature and can be delivered ' 
to a different part of the reactor. In this way, the temper- - 

40 ature of each stage of the reaction can be independ- 
ently and precisely controlled. 

Reactor plates 14, 16, 18, 20 and 22 contain a 
series of X-shaped reaction chambers for reacting two 
or more components. Each reaction chamber contains 

45 two inlet-lobes for receiving two mutually separated fluid 
component streams; a first mixing zone for combining 
the two fluid component streams to form a single at 
least partially reacted multicomponent fluid stream; a 
flow-splitting means for splitting the single at least par- 
se tially reacted multicomponent fluid stream into two at 
least partially reacted multicomponent fluid substreams; 
and two outlet-lobes through which the two at least par- 
tially reacted multicomponent fluid substreams exit the 
reaction chamber. Disposed in the first mixing zone is a 

55 heat-exchange port which extends through the thick- 
ness of the reactor plate. Extending through the heat- 
exchange port is a section of a heat exchange channel 
78. Heat exchange channel 78 forms a continuous pas- 
sageway through reactor 4 and permits temperature 
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control of the reaction taking place in the reactor. As the 
fluid component fluid streams undergo mixing in the first 
mixing zone, the streams can undergo heat exchange 
with a heat exchange fluid passing through the section 
of the heat exchange channel transversing the mixing 5 
zone. In addition, each reaction chamber in reactor 4 
further contains a turbulence-inducing zone disposed 
upstream of and in fluid communication with the mixing 
zone. The turbulence-inducing zone in each reaction 
chamber is adapted to induce turbulence in the sepa- io 
rated streams as the streams enter the first mixing 
zone. As a result, the streams undergo turbulent (and, 
therefore, more thorough) mixing in the first mixing zone 
of the reaction chamber. 

End-plate E1 and distribution flow plate 12 each is 
contain a pair of inlet-ports for directing mutually sepa- 
rated fluid component streams to a first reaction cham- 
ber formed in first reactor plate 14. In addition, end-plate 
E1 and distribution flow 12 each contain heat exchange 
ports 80 and 82 (end-plate E1 ) and heat exchange ports 20 
12a, 12b, 12c and I2d (distribution flow plate 12) for 
directing a heat exchange fluid through heat exchange 
channel 78. Distribution flow-plates 12 and 24 each 
contain two separate distribution flow-channels which 
are adapted to receive component-fluid flow from one 25 
vertical series of reaction chambers and to direct the 
flow of the fluid to a second vertical series of reaction 
chambers. Distribution flow plate 24 also contains heat 
exchange ports 24a, 24b, 24c and 24d. 

Preferably, as mentioned hereinabove, heat 30 
exchange channel 78 passes through each reaction 
chamber, and, more preferably, through each first mix- 
ing zone in each reaction chamber. In this way, the tem- 
perature at which the components undergo mixing in 
the reactor can be more precisely controlled. Also pref- 35 
erably, heat exchange channel 78 further contains an 
external recirculation channel-section represented by 
Arrow M H" in Fig. 1 . The recirculation channel-section, 
which is disposed between and in fluid communication 
with a heat-exchange outlet-port 82 and a heat- 40 
exchange inlet-port 80 (both of these ports being 
formed in end-plate E1), permits recirculation of a heat 
exchange fluid (not shown) passing through heat 
exchange channel 78 in reactor 4. 

Heat exchange channel 78 as shown in Fig. 1 is 45 
made up of four vertical channel-sections 78a-78d and 
three horizontal channel-sections 78e-78g. Horizontal 
channel-section 78e, which is formed in facial surface 
1001 of second end-plate E2, extends between vertical 
channel-sections 78a and 78b. Thus, heat exchange so 
fluid H passes through vertical channel-section 78a and 
enters inlet-side 84 of horizontal channel-section 78e. 
Fluid H flows to outlet-side 86 of channel-section 78e, 
where the heat exchange fluid then flows into vertical 
channel-section 78b. Fluid H then flows into inlet-side 55 
88 of a second horizontal channel -section 78f, formed in 
facial surface 100 A of first end-plate E1. The fluid then 
flows to outlet-side 90 of channel-section 78f and from 
there enters vertical channel-section 78c. Fluid H is 



then passed through channel -section 78c to a third hor- 
izontal channel-section 78g. formed in second end- 
plate E2, where the fluid enters channel-section 78g at 
inlet-side 92 and exits at outlet-side 94. From outlet-side 
94 of channel-section 78g, fluid H then flows through 
vertical channel-section 78d to exit the reactor via out- 
let-port 82. Preferably, the heat exchange fluid is then 
recirculated back into reactor 4 by means of an external 
channel, discussed hereinabove, which is disposed 
between outlet-port 82 and inlet-port 80. 

Reaction between two or more components may be 
carried out in reactor 4 as follows. 

A heat exchange fluid H is passed through heat 
exchange channel 78. A first fluid stream (not shown) 
composed of at least one component and a second fluid 
stream "B" composed of at least one component are 
directed through respective throughway-ports 96 and 
98 formed in end-plate E1 and respective throughway- 
ports 102 and 104 formed in plate 12 to respective inlet- 
lobes 26a and 26b of a reaction chamber 26 formed on 
a front facial surface 100C of plate 14. Reaction cham- 
ber 26 is composed of a turbulence-inducing zone 26c 
(shown in dashed lines); a first mixing zone 26d (shown 
in dotted lines); a heat exchange port 14a through 
which a section of heat exchange channel 78 is passed, 
port 1 4a being disposed in first mixing zone 26d; a flow- 
splitting member 26e; two outlet-lobes 26f and 26g; and 
two outlet-ports 108 and 110. 

In reaction chamber 26, the first and second fluid 
streams are passed from inlet-lobes 26a and 26b 
through turbulence-inducing zone 26c and first mixing 
zone 26d, where the streams undergo turbulent mixing 
to form a first at least partially reacted multicomponent 
stream (not shown). While the first and second streams 
undergo turbulent mixing in first mixing zone 26d, the 
streams are disposed in a heat exchange relationship 
with fluid H as the heat exchange fluid flows through the 
section of heat exchange channel 78 extending through 
port 14a in first mixing zone 26d. The first at least par- 
tially reacted multicomponent stream is then directed to 
flow-splitting member 26e which splits the stream into 
first and second at least partially reacted multicompo- 
nent substreams (not shown). The first and second sub- 
streams are then directed to respective outlet-lobes 26f 
and 26g, where the substreams exit chamber 26 via 
respective outlet-ports 108 and 1 10. 

The first and second substreams flow through 
respective outlet-ports 108 and 1 10 to respective inlet- 
lobes 34b and 34a of a reaction chamber 34 formed in 
a front facial surface 100D of plate 16. The first and sec- 
ond substreams are then passed through a turbulence- 
inducing zone 34c (shown in dashed lines) and a first 
mixing zone 34d (shown in dotted line), where the 
streams undergo turbulent mixing to form a second at 
least partially reacted multicomponent stream (not 
shown). While the first and second substreams undergo 
turbulent mixing in first mixing zone 34d, the streams 
are disposed in a heat exchange relationship with fluid 
H as the heat exchange fluid flows through the section 
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of heat exchange channel 78 extending through a heat 
exchange port 16a disposed in the first mixing zone 
34d. The second at least partially reacted multicompo- 
nent stream is then directed to a flow-splitting member 
34e which splits the stream into third and fourth at least 5 
partially reacted multicomponerrt substreams (not 
shown). The third and fourth substreams are then 
directed to respective outlet-lobes 34g and 34f, where 
the substreams exit chamber 34 via respective outlet- 
ports 116 and 114. w 

The third and fourth substreams flow through 
respective outlet-ports 116 and 114 to respective inlet- 
lobes 42a and 42b of a reaction chamber 42 formed in 
a front facial surface 100E of plate 18. The third and 
fourth substreams are passed from respective inlet- is 
lobes 42a and 42b through a turbulence-inducing zone 
42c (shown in dashed lines) and a first mixing zone 42d 
(shown in dotted lines), where the streams undergo tur- 
bulent mixing to form a third at least partially reacted 
multicomponent stream (not shown). While the third and 20 
fourth substreams undergo turbulent mixing in first mix- 
ing zone 42d, the streams are disposed in a heat 
exchange relationship with fluid H as the heat exchange 
fluid flows through the section of heat exchange chan- 
nel 78 extending through a heat exchange port 18a 25 
formed in first mixing zone 42d. The third at least par- 
tially reacted multicomponent stream is then directed to 
a flow-splitting member 42e which splits the stream into 
fifth and sixth at least partially reacted multicomponent 
substreams (not shown). The fifth and sixth substreams 30 
are then directed to respective outlet-lobes 42f and 42g, 
where the substreams exit chamber 42 via respective 
outlet-ports 120 and 122. 

The fifth and sixth substreams flow through respec- 
tive outlet-ports 120 and 122 to respective inlet-lobes 35 
50b and 50a of a reaction chamber 50 formed in a front 
facial surface 100F of plate 20. The fifth and sixth sub- 
streams are passed from respective inlet-lobes 50b and 
50a through a turbulence-inducing zone 50c (shown in 
dashed lines) and a first mixing zone 50d (shown in dot- *o 
ted lines), where the streams undergo turbulent mixing 
to form a fourth at least partially reacted multicompo- 
nent stream (not shown). While the fifth and sixth sub- 
streams undergo turbulent mixing in first mixing zone 
50d, the streams are disposed in a heat exchange rela- 45 
tionship with fluid H as the heat exchange fluid flows 
through the section of heat exchange channel 78 
extending through a heat exchange port 20a disposed 
in first mixing zone 50d. Trie fourth at least partially 
reacted multicomponent stream is then directed to a so 
flow-splitting member 50e which splits the stream into 
seventh and eighth at least partially reacted multicom- 
ponent substreams (not shown). The seventh and 
eighth substreams are then directed to respective out- 
let-lobes 50g and 50f, where the substreams exit cham- 55 
ber 50 via respective outlet-ports 128 and 126. 

The seventh and eighth substreams flow through 
respective outlet-ports 126 and 128 to respective inlet- 
lobes 58a and 58b of a reaction chamber 58 formed in 



a front facial surface 100G of plate 22. The seventh and 
eighth substreams are passed from, respective inlet- 
lobes 58a and 58b through a turbulence-inducing zone 
58c (shown in dashed lines) and a first mixing zone 58d 
(shown in dotted lines), where the streams undergo tur- 
bulent mixing to form a fifth at least partially reacted 
multicomponent stream (not shown). While the seventh 
and eighth substreams undergo turbulent mixing in first 
mixing zone 58d, the streams are disposed in a heat 
exchange relationship with fluid H as the heat exchange 
fluid flows through the section of heat exchange chan- 
nel 78 extending through a heat exchange port 22a 
formed in first mixing zone 58d. The fifth at least par- 
tially reacted multicomponent stream is then directed to 
a flow-splitting member 58e which splits the stream into 
ninth and tenth at least partially reacted multicompo- 
nent substreams (not shown), which are then directed 
to respective outlet-lobes 58f and 58g, where the sub- 
streams exit chamber 58 via respective outlet-ports 132 
and 134. From outlet-port 132, the ninth substream 
flows to inlet-side 72a of a flow chamber 72 formed in a 
front facial surface 100H of plate 24. From outlet-port 
1 34, the tenth substream flows to inlet-side 70a of a flow 
chamber 70 formed in surface 100H of plate 24. From 
inlet-sides 72a and 70a, the ninth and tenth substreams 
are respectfully directed to outlet-sides 72b and 70b of 
flow chambers 72 and 70. From outlet-sides 72b and 
70b, the ninth and tenth substreams are respectively ,-. 
directed through inlet-ports 142 and 140 in plate 22 to . 
respective inlet-lobes 60b and 60a of a reaction cham- . 
ber 60 formed in surface 100G of plate 22. The ninth 
and tenth substreams are passed from respective inlet- 
lobes 60b and 60a through a turbulence-inducing zone 
60c (shown in dashed lines) and a first mixing zone 60d 
(shown in dotted lines), where the streams undergo tur- 
bulent mixing to form a sixth at least partially reacted 
multicomponent stream (not shown). While the ninth, 
and tenth substreams undergo turbulent mixing in first 
mixing zone 60d, the streams are disposed in a heat , 
exchange relationship with fluid H as the heat exchange 
fluid flows through the section of heat exchange chan- 
nel 78 extending through a heat exchange port 22b dis- 
posed in first mixing zone 60d. The sixth at least 
partially reacted multicomponent stream is then 
directed to a flow-splitting member 60e which splits the 
stream into eleventh and twelfth at least partially 
reacted multicomponent substreams (not shown), 
which are then directed to respective outlet-lobes 60g 
and 60f. 

From respective outlet-lobes 60g and 60f, the elev- 
enth and twelfth substreams are directed through 
respective inlet-ports 146 and 148 formed in plate 20 to 
respective inlet-lobes 52a and 52b of a reaction cham- 
ber 52 formed in surface 100F of plate 20. The eleventh 
and twelfth substreams are passed from respective 
inlet-lobes 52a and 52b through a turbulence-inducing 
zone 52c (shown in dashed lines) and a first mixing 
zone 52d (shown in dotted lines), where the streams 
undergo turbulent mixing to form a seventh at least par- 
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tially reacted multicomponent stream (not shown). 
While the eleventh and twelfth substreams undergo tur- 
bulent mixing in first mixing zone 52d, the streams are 
disposed in a heat exchange relationship with fluid H as 
the heat exchange fluid flows through the section of 5 
heat exchange channel 78 extending through a heat 
exchange port 20b disposed in first mixing zone 52d. 
The seventh at least partially reacted multicomponent 
stream is then directed to a flow-splitting member 52e 
which splits the stream into thirteenth and fourteenth at 10 
least partially reacted multicomponent substreams (not 
shown), which are then directed to respective outiet- 
lobes 52f and 52g. 

From respective outlet-lobes 52f and 52g, the thir- 
teenth and fourteenth substreams are directed through is 
respective inlet-ports 154 and 152 formed in plate 18 to 
respective inlet-lobes 44b and 44a of a reaction cham- 
ber 44 formed in surface 100E of plate 18. The thir- 
teenth and fourteenth substreams are passed from 
respective inlet-lobes 44b and 44a through a turbu- 20 
lence-inducing zone 44c (shown in dashed lines) and a 
first mixing zone 44d (shown in dotted lines), where the 
streams undergo turbulent mixing to form an eighth at 
least partially reacted multicomponent stream (not 
shown). While the thirteenth and fourteenth substreams 25 
undergo turbulent mixing in first mixing zone 44d, the 
streams are disposed in a heat exchange relationship 
with fluid H as the heat exchange fluid flows through the 
section of heat exchange channel 78 extending through 
a heat exchange port 18b formed in first mixing zone 30 
44d. The eighth at least partially reacted multicompo- 
nent stream is then directed to a flow-splitting member 
44e which splits the stream into fifteenth and sixteenth 
at least partially reacted multicomponent substreams 
(not shown), which are then directed to respective out- 35 
let-lobes 44g and 441 

From respective outlet-lobes 44g and 44f, the fif- 
teenth and sixteenth substreams are directed through 
respective inlet-ports 158 and 160 formed in plate 16 to 
respective inlet-lobes 36a and 36b of a reaction cham- 40 
bet 36 formed in surface 100D of plate 16. The fifteenth 
and sixteenth substreams are passed from respective 
inlet-lobes 36a and 36b through a turbulence-inducing 
zone 36c (shown in dashed lines) and a first mixing 
zone 36d (shown in dotted lines), where the streams 45 
undergo turbulent mixing to form a ninth at least par- 
tially reacted multicomponent stream (not shown). 
While the fifteenth and sixteenth substreams undergo 
turbulent mixing in first mixing zone 36d, the streams 
are disposed in a heat exchange relationship with fluid so 
H as the heat exchange fluid flows through the section 
of heat exchange channel 78 extending through a heat 
exchange port 16b formed in first mixing zone 36d. The 
ninth at least partially reacted multicomponent stream is 
then directed to a flow-splitting member 36e which splits ss 
the stream into seventeenth and eighteenth at least par- 
tially reacted multicomponent substreams (not shown), 
which are then directed to respective outlet-lobes 36f 
and 36g. 



From respective outlet-lobes 36f and 36g, the fif- 
teenth and sixteenth substreams are directed through 
respective inlet-ports 166 and 164 formed in plate 14 to 
respective inlet-lobes 28b and 28a of a reaction cham- 
ber 28 formed in surface 100C of plate 14. The seven- 
teenth and eighteenth substreams are passed from 
respective inlet-lobes 28b and 28a through a turbu- 
lence-inducing zone 28c (shown in dashed lines) and a 
first mixing zone 28d (shown in dotted lines), where the 
streams undergo turbulent mixing to form a tenth at 
least partially reacted multicomponent stream (not 
shown). While the seventeenth and eighteenth sub- 
streams undergo turbulent mixing in first mixing zone 
28d, the streams are disposed in a heat exchange rela- 
tionship with fluid H as the heat exchange fluid flows 
through the section of heat exchange channel 78 
extending through a heat exchange port 14b formed in 
first mixing zone 28d. The tenth at least partially reacted 
multicomponent stream is then directed to a flow-split- 
ting member 28e which splits the stream into nineteenth 
and twentieth at least partially reacted multicomponent 
substreams (not shown), which are then directed to 
respective outlet-lobes 28g and 28f. 

From respective outlet-lobes 28g and 28f, the nine- 
teenth and twentieth substreams are directed to respec- 
tive inlet-sides 66a and 68a of flow chambers 66 and 68 
formed in surface 100B of plate 12. From inlet-sides 66a 
and 68a, the nineteenth and twentieth substreams flow 
to respective outlet-sides 66b and 68b of flow chambers 
66 and 68. 

From respective outlet-sides 66b and 68b. the nine- 
teenth and twentieth substreams flow to respective 
inlet-lobes 30a and 30b of a reaction chamber 30 
formed in surface 100C of plate 14. The nineteenth and 
twentieth substreams are passed from respective inlet- 
lobes 30a and 30b through a turbulence-inducing zone 
30c and a first mixing zne 30d, where the streams 
undergo turbulent mixing to form an eleventh at least 
partially reacted multicomponent stream (not shown). 
While the nineteenth and twentieth substreams undergo 
turbulent mixing in first mixing zone 30d, the streams 
are disposed in a heat exchange relationship with fluid 
H as the heat exchange fluid flows through the section 
of heat exchange channel 78 extending through a heat 
exchange port 14c formed in first mixing zone 30d. The 
eleventh at least partially reacted multicomponent 
stream is then directed to a flow-splitting member 30e 
which splits the stream into twenty-first and twenty-sec- 
ond at least partially reacted multicomponent sub- 
streams (not shown), which are then directed to 
respective outlet-lobes 30f and 30g, where the streams 
exit chamber 30 via respective outlet-ports 168 and 
170. Through respective outlet-ports 168 and 170. the 
twenty-first and twenty-second substreams are directed 
to respective inlet-lobes 38b and 38a of a reaction 
chamber 38 formed in surface 100D of plate 16. The 
twenty-first and twenty-second substreams are passed 
from respective inlet-lobes 38b and 38a through a tur- 
bulence-inducing zone 38c (shown in dashed lines) and 
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a first mixing zone 38d (shown in dotted lines), where 
the streams undergo turbulent mixing to form a twelfth 
at least partially reacted multicomponent stream (not 
shown). While the twenty-first and twenty-second sub- 
streams undergo turbulent mixing in first mixing zone 
38d, the streams are disposed in a heat exchange rela- 
tionship with fluid H as the heat exchange fluid flows 
through the section of heat exchange channel 78 
extending through a heat exchange port 16c formed in 
first mixing zone 38d. The twelfth at least partially 
reacted multicomponent stream is then directed to a 
flow-splitting member 38e which splits the stream into 
twenty-third and twenty-fourth at least partially reacted 
multicomponent substreams (not shown), which are 
then directed to respective outlet-lobes 38g and 38f. 

Through respective outlet-ports 172 and 174, the 
twenty-third and twenty-fourth substreams are directed 
to respective inlet-lobes 46a and 46b of a reaction 
chamber 46 formed in surface 100E of plate 18. The 
twenty-third and twenty-fourth substreams are passed 
from respective inlet-lobes 46a and 46b through a tur- 
bulence-inducing zone 46c (shown in dashed lines) and 
a first mixing zone 46d (shown in dotted lines), where 
the streams undergo turbulent mixing to form a thir- 
teenth at least partially rreacted multicomponent stream 
(not shown). While the twenty-third and twenty-fourth 
substreams undergo turbulent mixing in first mixing 
zone 46d, the streams are disposed in a heat exchange 
relationship with fluid H as the heat exchange fluid flows 
through the section of heat exchange channel 78 
extending through a heat exchange port 18c formed in 
first mixing zone 46d. The thirteenth at least partially 
reacted multicomponent stream is then directed to a 
flow-splitting member 46e which splits the stream into 
twenty-fifth and twenty-sixth at least partially reacted 
multicomponent substreams (not shown), which are 
then directed to respective outlet-lobes 46f and 46g. 

Through respective outlet-ports 178 and 180, the 
twenty-fifth and twenty-sixth substreams are directed to 
respective inlet-lobes 54b and 54a of a reaction cham- 
ber 54 formed in surface 100F of plate 20. The twenty- 
fifth and twenty-sixth substreams are passed from 
respective inlet-lobes 54b and 54a through a turbu- 
lence-inducing zone 54c (shown in dashed lines) and a 
first mixing zone 54d (shown in dotted lines), where the 
streams undergo turbulent mixing to form a fourteenth 
at least partially reacted multicomponent stream (not 
shown). While the twenty-fifth and twenty-sixth sub- 
streams undergo turbulent mixing in first mixing zone 
54d, the streams are disposed in a heat exchange rela- 
tionship with fluid H as the heat exchange fluid flows 
through the section of heat exchange channel 78 
extending through heat exchange port 20c disposed in 
first mixing zone 54d. The fourteenth at least partially 
reacted multicomponent stream is then directed to a 
flow-splitting member 54e which splits the stream into 
twenty-seventh and twenty-eighth at least partially 
reacted multicomponent substreams (not shown), 
which are then directed to respective outlet-lobes 54g 



and54f. 

Through respective outlet-ports 186 and 184, the 
twenty-seventh and twenty-eighth substreams are 
directed to respective inlet-lobes 62a and 62b of a reac- 

5 tion chamber 62 formed in surface 100G of plate 22. 
The twenty-seventh and twenty-eighth substreams are 
passed from respective inlet-lobes 62a and 62b through 
a turbulence-inducing zone 62c (shown in dashed lines) 
and a first mixing zone 62d (shown in dotted lines), 

10 where the streams undergo turbulent mixing to form a 
fifteenth at least partially reacted multicomponent 
stream (not shown). While the twenty-seventh and 
twenty-eighth substreams undergo turbulent mixing in 
first mixing zone 62d, the streams are disposed in a 

is heat exchange relationship with fluid H as the heat 
exchange fluid flows through the section of heat 
exchange channel 78 extending through a heat 
exchange port 22c formed in first mixing zone 62d. The 
fifteenth at least partially reacted multicomponent 

20 stream is then directed to a flow-splitting member 62e 
which splits the stream into twenty-ninth and thirtieth at 
least partially reacted multicomponent substreams (not 
shown), which are then directed to respective outlet- 
lobes 62f and 62g. 

25 From respective outlet-ports 190 and 192, the 
twenty-ninth and thirtieth substreams flow to inlet-sides 
76a and 74a of respective flow chambers 76 and 74 
formed in surface 100H of plate 24. From inlet-sides 76a 
and 74a, the substreams flow to respective outlet-sides > 

30 76b and 74b in chambers 76 and 74, and from these 
outlet-sides, the substreams are directed through inlet- 
ports 198 and 196 formed in plate 22 to respective inlet- 
lobes 64b and 64a of a reaction chamber 64 formed in 
surface 100G of plate 22. The twenty-ninth and thirtieth 

35 substreams are passed from respective inlet-lobes 64b 
and 64a through a turbulence-inducing zone 64c 
(shown in dashed lines) and a first mixing zone 64d 
(shown in dotted lines), where the streams undergo tur- 
bulent mixing to form a sixteenth at least partially 

40 reacted multicomponent stream (not shown). While the 
twenty-ninth and thirtieth substreams undergo turbulent 
mixing in first mixing zone 64d, the streams are dis- 
posed in a heat exchange relationship with fluid H as 
the heat exchange fluid flows through the section of 

45 heat exchange channel 78 extending through a heat 
exchange port 22d disposed in first mixing zone 64d. 
The sixteenth at least partially reacted multicomponent 
stream is then directed to a flow-splitting member 64e 
which splits the stream into thirty-first and thirty-second 

50 at least partially reacted multicomponent substreams 
(not shown), which are then directed to respective out- 
let-lobes 64g and 64f. 

The thirty-first and thirty-second' substreams are 
directed from outlet-lobes 64g and 64f via inlet-ports 

55 212 and 214 formed in plate 20 to respective inlet-lobes 
56a and 56b of a reaction chamber 56 formed in surface 
100F of plate 20, The thirty-first and thirty-second sub- 
streams are passed from respective inlet-lobes 56a and 
56b through a turbulence-inducing zone 56c (shown in 
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dashed lines) and a first mixing zone 56d (shown in dot- 
ted lines), where the streams undergo turbulent mixing 
to form a seventeenth at least partially reacted multi- 
component stream (not shown). While the thirty-first 
and thirty-second substreams undergo turbulent mixing 5 
in first mixing zone 56d. the streams are disposed in a 
heat exchange relationship with fluid H as the heat 
exchange fluid flows through the section of heat 
exchange channel 78 extending through a heat 
exchange port 20d disposed in first mixing zone 56d. 10 
The seventeenth at least partially reacted multicompo- 
nent stream is then directed to a flow-splitting member 
56e which splits the stream into thirty-third and thirty- 
fourth at least partially reacted multicomponent sub- 
streams (not shown) , which are then directed to respec- 75 
tive out! et-lobes 56f and 56g. 

The thirty-third and thirty-fourth substreams are 
directed from outlet-lobes 56f and 56g via inlet-ports 
220 and 218 formed in plate 18 to respective inlet-lobes 
48b and 48a of a reaction chamber 48 formed in surface 20 
100E of plate 18. The thirty-third and thirty-fourth sub- 
streams are passed from respective inlet-lobes 48b and 
48a through a turbulence-inducing zone 48c (shown in 
dashed lines) and a first mixing zone 48d (shown in dot- 
ted lines), where the streams undergo turbulent mixing 25 
to form an eighteenth at least partially reacted multi- 
component stream (not shown). While the thirty-third 
and thirty-fourth substreams undergo turbulent mixing 
in first mixing zone 48d, the streams are disposed in a 
heat exchange relationship with fluid H as the heat 30 
exchange fluid flows through the section of heat 
exchange channel 78 extending through a heat 
exchange port 18d disposed in the first mixing zone 
48d. The eighteenth at least partially reacted multicom- 
ponent stream is then directed to a flow-splitting mem- 35 
ber 48e which splits the stream into thirty-fifth and thirty- 
sixth at least partially reacted multicomponent sub- 
streams (not shown), which are then directed to respec- 
tive outlet-lobes 48g and 481 

The thirty-fifth and thirty-sixth substreams are 40 
directed from outlet-lobes 48g and 48f via inlet-ports 
224 and 226 formed in plate 16 to respective inlet-lobes 
40a and 40b of a reaction chamber 40 formed in surface 
100D of plate 16. The thirty-fifth and thirty-sixth sub- 
streams are passed from respective inlet-lobes 40a and 45 
40b through a turbulence-inducing zone 40c (shown in 
dashed lines) and a first mixing zone 40d (shown in 
dashed lines), where the streams undergo turbulent 
mixing to form a nineteenth at least partially reacted 
multicomponent stream (not shown). While the thirty- so 
fifth and thirty-sixth substreams undergo turbulent mix- 
ing in first mixing zone 40d, the streams are disposed in 
a heat exchange relationship with fluid H as the heat 
exchange fluid flows through the section of heat 
exchange channel 78 extending through a heat 55 
exchange port 16d disposed in first mixing zone 40d. 
The nineteenth at least partially reacted multicompo- 
nent stream is then directed to a flow-splitting member 
40e which splits the stream into thirty-seventh and 



thirty-eighth at least partially reacted multicomponent 
substreams (not shown), which are then directed to 
respective outlet-lobes 40f and 40g. 

The thirty-seventh and thirty-eighth substreams are 
directed from outlet-lobes 40f and 40g via inlet-ports 
232 and 230 formed in plate 14 to respective inlet-lobes 
32b and 32a of a reaction chamber 32 formed in surface 
100C of plate 14. The thirty-seventh and thirty-eighth 
substreams are passed from respective inlet-lobes 32b 
and 32a through a turbulence-inducing zone 32c 
(shown in dashed lines) and a first mixing zone 32d 
(shown in dotted lines), where the streams undergo tur- 
bulent mixing to form a twentieth at least partially 
reacted multicomponent stream (not shown). While the 
thirty-seventh and thirty-eighth substreams undergo tur- 
bulent mixing in first mixing zone 32d, the streams are 
disposed in a heat exchange relationship with fluid H as 
the heat exchange fluid flows through the section of 
heat exchange channel 78 extending through a heat 
exchange port 14d formed in first mixing zone 32d. The 
twentieth at least partially reacted multicomponent 
stream is then directed to a flow-splitting member 32e 
which splits the stream into a thirty-ninth at least par- 
tially reacted multicomponent substream (not shown) 
and a fortieth at least partially reacted multicomponent 
substream W S-40 H , which are then directed to respective 
outlet-lobes 32g and 32f. 

The thirty-ninth and fortieth substreams are 
directed from outlet-lobes 32g and 32f via inlet-ports 
236 and 238 formed in plate 12 to respective outlet- 
ports 242 and 244 formed in first end-plate E1. From 
outlet-ports 242 and 244, the thirty-ninth and fortieth 
substreams are directed out of reactor 4 and to a 
desired location. 

Fig. 11 illustrates a stack of reactor plates which 
can be used in a second embodiment of the reactor of 
this invention. In reactor 300, the reaction chambers are 
in the shape of a T\ 

Figs. 12-1 5 each illustrate a reactor plate which can 
be used in the second embodiment of the reactor. 

Plate stack 300 is composed of distribution flow 
plate 302, and reaction-chamber reactor plates 304 and 
308, and flow-separation reactor plate 306. Plates 304 
and 308 each contain a plurality of reaction chambers. 
Plate 302 (having facial surface 302A shown in Fig: 
12a) contains ports for directing fluid streams to plate 
304. Plate 306 contains a plurality of flow-separation 
chambers. 

Although not shown in Figs. 12-15, a heat 
exchange channel would preferably pass through 
through-holes formed in the first mixing zones of the 
reaction chambers shown in these figures. 

Two component fluid streams may be directed 
through reactor 300 as follows. First and second fluid 
streams (not shown), each containing at least one com- 
ponent, may be introduced into reactor 300 via respec- 
tive inlet-ports 310 and 312 formed in plate 302. 
Through inlet-ports 310 and 312, the streams are then 
passed to respective inlet-ends 318a and 318b of a 
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reaction chamber 318 (shown in Fig. 13b and com- 
posed of 318a-318e) formed in a front facial surface 
304A of plate 304. The streams are then combined at a 
first mixing zone 318c of chamber 318 to form a first 
mufticomponent stream (not shown), which is then 
passed through flow-channel 31 8d to outlet-end 31 8e, 
where the first multi component stream exits chamber 
318 via outlet-port 320. 

Through outlet-port 320, the first multicomponent 
stream is directed to a flow-splitting region 322a of flow- 
separation chamber 322 formed in a front facial surface 
306A of plate 306. The first multicomponent stream is 
split at region 322a into first and second multicompo- 
nent substreams (not shown), which are then directed 
to respective outlet-ends 322b and 322c, where the first 
and second substreams exit chamber 322 via respec- 
tive outlet-ports 324 and 326. 

Through outlet-ports 324 and 326, the first and sec- 
ond substreams are directed to respective inlet-ends 
330a and 330b of a reaction chamber 330 formed in a 
front facial surface 308A of plate 308. The streams are 
then combined at first mixing zone 330c of chamber 330 
to form a second multicomponent stream (not shown), 
which is then passed through flow-channel 330d to out- 
let-end 330e. 

Through inlet-port 332 formed in plate 306, the sec- 
ond multicomponent stream is directed to flow-splitting 
region 334c of a reaction chamber 334 formed in sur- 
face 306A of plate 306. The stream is split at region 
334c into third and fourth multicomponent substreams 
(not shown), which are then directed to respective out- 
let-ends 

334a and 334b. The third and fourth substreams 
are directed through respective inlet-ports 338 and 340 
formed in plate 304 to respective inlet-ends 336a and 
336b of a reaction chamber 336 (shown in Fig. 13b and 
composed of 336a-336e) formed in surface 304A of 
plate 304. The third and fourth substreams are then 
combined at first mixing zone 336c to form a third multi- 
component stream (not shown), which is then directed 
through flow-channel 336d to outlet-end 336e of cham- 
ber 336. The third multicomponent stream exits cham- 
ber 336 via outlet-port 342 formed in outlet-end 336e. 

Through outlet-port 342, the third multicomponent 
stream flows into flow-splitting region 346a of a flow- 
separation chamber 346 formed in surface 306A of 
plate 306. The third multicomponent stream is split at 
region 346a into fifth and sixth multicomponent sub- 
streams (not shown), which are then directed to respec- 
tive outlet-ends 346b and 346c of chamber 346. The 
fifth and sixth substreams exit chamber 346 via respec- 
tive outlet-ports 348 and 350 formed in outlet-ends 
346b and 346c. 

Through outlet-ports 348 and 350, the fifth and 
sixth substreams are directed into respective inlet-ends 
354a and 354b of a reaction chamber 354 formed in 
surface 308A of plate 308. The substreams are then 
combined at first mixing zone 354c to form a fourth mul- 
ticomponent stream (not shown), which is then directed 



through flow-channel 354d to outlet-end 354e of cham- 
ber 354. 

From outlet-end 354e, the fourth multicomponent 
stream is directed through inlet-port 358 formed in plate 

5 306 to a flow-splitting region 360c of a reaction chamber 
360 formed in surface 306A of plate 306. The fourth 
multicomponent stream is split at region 360c into sev- 
enth and eighth mufticomponent substreams (not 
shown), which are then directed to respective outlet- 

io ends 360a and 360b. 

From respective outlet-ends 360a and 360b, the 
seventh and eighth substreams are directed through 
respective inlet-ports 366 and 368 formed in plate 304 
to respective inlet-ends 370a and 370b of a reaction 

75 chamber 370 (shown in Fig. 13b and composed of 
370a-e) formed in surface 304A of plate 304. The sev- 
enth and eighth substreams are combined at first mixing 
zone 370c of chamber 370 to form a fifth multicompo- 
nent stream (not shown), which is then directed through 

20 flow-channel 370d to outlet-end *370e. The fifth multi- 
component stream exits chamber 370 via outlet-port 
371 formed in outlet-end 370e. 

Through outlet-port 371 , the fifth multicomponent 
stream flows to flow-splitting region 372a of a f low-sep- 

25 aration chamber composed of regions 372a-372c 
formed in surface 306A of plate 306. The fifth multicom- 
ponent stream is split at region 372a into ninth and tenth 
multicomponent substreams (not shown), which are. 
then directed to respective outlet-ends 372b and 372c. 

30 The ninth and tenth substreams exit chamber 372 via. 
respective outlet-ports 374 and 376. 

Through outlet-ports 374 and 376, the ninth and 
tenth substreams are directed to respective inlet-ends 
378a and 378b of a reaction chamber 378 formed in 

3$ surface 308A of plate 308. The ninth and tenth sub- 
streams are combined at first mixing zone 378c of 
chamber 378 to form a sixth multicomponent stream 
(not shown). The sixth multicomponent stream is then 
directed through flow-channel 378d to outlet-end 378e 

40 of chamber 378. 

From outlet-end 378e, the sixth multicomponent 
stream is directed through inlet-port 380 formed in plate 
306 to a flow-splitting region 382c of a reaction chamber 
382 formed in surface 306A of plate 306. The sixth mul- 

45 ticomponent stream is split at region 382c into eleventh 
and twelfth multicomponent substreams (not shown), 
which are then directed to respective outlet-ends 382a 
and 382b of chamber 382. 

From outlet-ends 382a and 382b, the eleventh and 

so twelfth substreams are directed through respective 
inlet-ports 384 and 386 formed in plate 304 to respec- 
tive inlet-ends 388a and 388b of a reaction chamber 
388 (shown in Fig. 13b and composed of 388a-388e) 
formed in surface 304A of plate 304. The eleventh and 

55 twelfth substreams are then combined at first mixing 
zone 388c of chamber 388 to form a seventh multicom- 
ponent stream (not shown). The seventh multicompo- 
nent stream is then directed through flow-channel 388d 
to outlet-end 388e, from which the stream exits cham- 
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ber 388 via outlet-port 390. 

Through outlet-port 390, the seventh muiticompo- 
nent stream flows to flow-splitting region 394a of a flow- 
separation chamber 394 formed in surface 306A of 
plate 306. The seventh multicomponent stream is split s 
at region 394a into thirteenth and fourteenth multicom- 
ponent fluid substreams (not shown), which are then 
directed to outlet-ends 394b and 394c of chamber 394. 
The thirteenth and fourteenth substreams exit chamber 
394 via respective outlet-ports 396 and 398. w 

Through outlet-ports 396 and 398, the thirteenth 2. 
and fourteenth substreams are directed into respective 
inlet-ends 402a and 402b of a reaction chamber 402 
formed in surface 308A of plate 308. The substreams 
are combined at first mixing zone 402c of chamber 402 75 
to form an eighth multicomponent stream (not shown). 3. 
The eighth multicomponent stream is then directed 
through flow-channel 402d to outlet-end 402e of cham- 
ber 402. 

From outlet-end 402e, the eighth multicomponent 20 
stream is directed through inlet-port 406 formed in plate 
306 to a flow-splitting region 408c of a flow-separation 4. 
chamber 408 formed in surface 306A of plate 306. The 
eighth multicomponent stream is split at region 408c 
into fifteenth and sixteenth multicomponent substreams 25 
(not shown), which are then directed to outlet-ends 
408a and 408b, respectively. 

From outlet-ends 408a and 408b. the fifteenth and 
sixteenth substreams are directed through respective 
inlet-ports 414 and 416 formed in plate 304 to respec- 30 
tive inlet-ends 418a and 418b of a reaction chamber 5. 
418 (shown in Fig. 13b and composed of 4l8a-418e) 
formed in surface 304A of plate 304. The substreams 
are then combined at first mixing zone 418c of chamber 
4 1 8 to form a ninth multicomponent stream (not shown). 35 
The ninth multicomponent stream is then directed 
through flow-channel 41 8d to outlet-end 41 8e of cham- 
ber 418. 6 

From outlet-end 418e, the ninth multicomponent 
stream is directed through outlet-port 422 formed in 40 
plate 302. From outlet-port 422. the ninth multicompo- 
nent stream can be directed out of reactor 300 to a 
desired location. 7 

Although the present invention has been described 
with reference to preferred embodiments, those skilled 45 
in the art will recognize that changes may be made in 
form and detail without departing from the spirit and 
scope of the invention. 



Claims 



50 



A plate-type chemical reactor, comprising: one or 
more reactor plates including at least one reaction- 
chamber reactor plate; at least one reaction cham- 
ber formed on a front facial surface of said at least 55 
one reaction-chamber reactor plate; and at least 
one heat exchange channel passing through said at 
least one reaction-chamber reactor plate such that 
at least one section of said at least one heat 



exchange channel is disposed in a heat exchange 
relationship with said at least one reaction cham- 
ber; wherein said at least one reaction chamber 
comprises: a plurality of inlet means for receiving 
and directing a plurality of mutually separated fluid 
component streams, a first mixing zone for mixing 
said separated fluid component streams to form a 
single at least partially reacted multicomponent 
fluid stream thereof, and at least one outlet means. 

A reactor according to claim 1 , wherein the reactor 
comprises a plurality of said one or more reactor 
plates, wherein said plurality of plates are stacked 
in a front-to-back facial configuration. 

A reactor according to claim 2, further comprising at 
least one first end-piate and at least one second 
end-plate, wherein said plurality of reactor plates 
are disposed between said first and second end- 
plates. 

A reactor according to claim 3, wherein said plural- 
ity of inlet means is disposed to receive said mutu- 
ally separated fluid component streams in a 
primary direction and to direct said streams in 
directions substantially normal to said primary 
direction, wherein said primary direction is trans- 
verse to said front facial surface of said one or more 
reactor plates. 

A reactor according to claim 4, wherein said reac- 
tion chamber further comprises a turbulence-induc- 
ing zone disposed downstream of and in fluid 
communication with said inlet means and upstream 
of and in fluid communication with said first mixing 
. zone. 

A reactor according to claim 4, wherein said at least 
one outlet means comprises a single outlet means 
for said single at least partially reacted multicompo- 
nent fluid stream. 

A reactor according to claim 1 . wherein said reactor 
further comprises at least one flow-splitting means 
disposed downstream of and in fluid communica- 
tion with said first mixing zone, said at least one 
flow-splitting means being further disposed to split 
said single at least partially reacted multicompo- 
nent fluid stream into a plurality of at least partially 
reacted multicomponent fluid substreams. 

A reactor according to claim 4, wherein said reactor 
further comprises at least one flow-splitting means 
for splitting said single at least partially reacted mul- 
ticomponent fluid stream into a plurality of at least 
partially reacted multicomponent fluid substreams, 
wherein said at least one flow-splitting means is 
disposed downstream of and in fluid communica- 
tion with said first mixing zone, said at least one 
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flow-splitting means being further disposed to split 
said single at least partially reacted murticompo- 
nent fluid stream in directions substantially normal 
to said primary direction. 

9. A reactor according to claim 8, wherein said at least 
one flow-splitting means is situated in said at least 
one reaction chamber, wherein said flow-splitting 
means is disposed downstream of and in fluid com- 
munication with said first mixing zone. 

1 0. A reactor according to claim 9, wherein said at least 
one outlet means comprises a plurality of outlet 
means, each of said outlet means being disposed 
to receive one of said plurality of at least partially 
reacted multicomponent fluid substreams. 

11. A reactor according to claim 10, wherein said at 
least one reaction chamber has an X-shaped con- 
figuration. 

12. A reactor according to claim 10, wherein said reac- 
tor comprises a plurality of said at least one reac- 
tion chamber, wherein said reaction chambers are 
serially joined. 

13. A reactor according to claim 12, wherein said reac- 
tor comprises a plurality of said at least one reac- 
tion-chamber reactor plate. 

14. A reactor according to claim 8, wherein said at least 
one flow-splitting means is disposed in at least one 
separate flow-separation chamber, wherein said at 
least one separate flow-separation chamber com- 
prises: an inlet means disposed to receive said sin- 
gle at least partially reacted multicomponent fluid 
stream from said outlet means of said reaction 
chamber; said flow-splitting means, wherein said 
flow-splitting means is disposed to receive said sin- 
gle at least partially reacted multicomponent fluid 
stream from said inlet means of said flow-separa- 
tion chamber and to split said single at least par- 
tially reacted multicomponent fluid stream into a 
plurality of at least partially reacted multicomponent 
fluid substreams; and a plurality of outlet means 
disposed to receive said plurality of at least partially 
reacted multicomponent fluid substreams from said 
flow-splitting means. 

15. A reactor according to claim 14, wherein said inlet 
means of said flow-separation chamber is disposed 
to receive said single at least partially reacted mul- 
ticomponent fluid stream in said primary direction, 
further wherein said flow-splitting means of said 
flow-separation chamber is disposed to split said 
single at least partially reacted multicomponent 
fluid stream in directions substantially normal to 
said primary direction. 



16. A reactor according to claim 15, wherein said reac- 
tor further comprises at least one flow-separation 
reactor plate, wherein said at least one flow-sepa- 
ration reactor plate has formed on a front facial sur- 

5 face thereof said at least one flow-separation 
chamber. 

17. A reactor according to claim 16, wherein said at 
least one reaction chamber has a T-shaped config- 

10 uration. 

18. A reactor according to claim 17, wherein said at 
least one flow-separation chamber has an oblong- 
shaped configuration or a T-shaped configuration. 

15 

19. A reactor according to claim 16, wherein said reac- 
tor comprises a plurality of said at least one reac- 
tion chamber and a plurality of said at least one 
flow-separation chamber, wherein said reaction 

20 chambers and said flow-separation chambers are 
serially joined. 

20. A reactor according to claim 1 , wherein said section 
of said heat exchange channel is disposed in said 

25 heat exchange relationship with said first mixing 
zone. 

21. A reactor according to claim 20, wherein said sec- 
tion of said heat exchange channel transverses 

30 said first mixing zone. 

22. A reactor according to claim 1 , wherein each of said 
one or more reactor plates has a thickness ranging 
from about 0.001 inch to about 1 .0 inch. 

35 

23. A reactor according to claim 1 , wherein each of said 
one or more reactor plates is comprised of a ther- 
mally conductive material. 

40 24. A reactor according to claim 1 , wherein each of said 
at least one reaction chamber is formed by an etch- 
ing process. 

25. A reactor according to claim 14, wherein each of 
45 said at least one reaction chamber and each of said 

at least one flow-separation chamber is formed by 
an etching process. 

26. A method of reacting two or more fluid component 
so streams by means of a plate-type chemical reactor 

comprising: one or more reactor plates including at 
least one reaction-chamber reactor plate; at least 
one reaction chamber formed on a front facial sur- 
face of said at least one reaction-chamber reactor 
55 plate; and at least one heat exchange channel 
passing through said at least one reaction-chamber 
reactor plate such that at least one section of said 
at least one heat exchange channel is disposed in a 
heat exchange relationship with said at least one 
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reaction chamber; said at least one reaction cham- 
ber comprising: a plurality of inlet means for receiv- 
ing and directing a plurality of mutually separated 
fluid component streams, a first mixing zone for 
mixing said separated fluid component streams to 5 
form a single at least partially reacted multicompo- 
nent fluid stream thereof, and at least one outlet 
means; 

wherein said method comprises directing a plurality 
of mutually separated fluid component streams into 10 
said plurality of inlet means and through said reac- 
tor from said plurality of inlet means through said at 
least one outlet means, while directing at least one 
heat exchange fluid through said section of said at 
least one heat exchange channel. 15 

27. A method according to claim 26. further comprising 
at least one first end-plate and at least one second 
end-plate, wherein said plurality of reactor plates 
are disposed between said first and second end- 20 
plates, said at least one first end-plate comprising 

at least one first heat-exchange port for said at least 
one heat exchange fluid and a plurality of compo- 
nent-inlet ports for said mutually separated fluid 
component streams, said at least one second end- 25 
plate comprising at least one second heat- 
exchange port or at least one heat exchange flow- 
transfer channel for said at least one heat exchange 
fluid; wherein said method further comprises: 
directing said at least one heat exchange fluid 30 
through said at least one first heat-exchange port 
and through said at least one second heat- 
exchange port or said at least one heat exchange 
flow-transfer channel, while directing said mutually 
separated fluid component streams through said 35 
component-ports. 

28. A method according to claim 26, wherein said plu- 
rality of inlet means is disposed to receive said 
mutually separated fluid component streams in a 40 
primary direction and to direct said streams in 
directions substantially normal to said primary 
direction, wherein said primary direction is trans- 
verse to said front facial surface of said one or more 
reactor plates; wherein said method comprises 45 
directing said mutually separated fluid component 
streams through said plurality of inlet means in said 
primary direction. 

29. A method according to claim 28, wherein said reac- so 
tion chamber further comprises a turbulence-induc- 
ing zone disposed downstream of and in fluid 
communication with said inlet means and upstream 

of and in fluid communication with said first mixing 
zone; wherein said method comprises passing said 55 
mutually separated streams through said turbu- 
lence-inducing zone. 



tor further comprises at least one flow-splitting 
means disposed downstream of and in fluid com- 
munication with said first mixing zone, said at least 
one flow-splitting means being further disposed to 
split said single at least partially reacted multicom- 
ponent fluid stream into a plurality of at least par- 
tially reacted multicomponent fluid substreams; 
wherein said method further comprises passing 
said single at least partially reacted multicompo- 
nent fluid stream through said at least one flow- 
splitting means to form said plurality of at least par- 
tially reacted multicomponent fluid substreams. 

31. A method according to claim 30, wherein said reac- 
tor further comprises at least one flow-splitting 
means for splitting said single at least partially 
reacted multicomponent fluid stream into a plurality 
of at least partially reacted multicomponent fluid 
substreams, wherein said at least one flow-splitting 
means is disposed downstream of and in fluid com- 
munication with said first mixing zone, said at least 
one flow-splitting means being further disposed to 
split said single at least partially reacted multicom- 
ponent fluid stream in directions substantially nor- 
mal to said primary direction; wherein said method 
further comprises directing in said primary direction 
said single at least partially reacted multicompo- 
nent fluid stream through said at least one flow- 
splitting means to form said plurality of at least par- 
tially reacted multicomponent fluid substreams. 

32. A method according to claim 31, wherein said at 
least one flow-splitting means is disposed in at least 
one separate flow-separation chamber, wherein 
said at least one separate flow-separation chamber 
comprises: an inlet means disposed to receive said 
single at least partially reacted multicomponent 
fluid stream from said outlet means of said reaction 
chamber in a primary direction; said flow-splitting 
means, wherein said flow-splitting means is dis- 
posed to receive said single at least partially 
reacted multicomponent fluid stream from said inlet 
means of said flow-separation chamber and to split 
said single at least partially reacted multicompo- 
nent fluid stream into a plurality of at least partially 
reacted multicomponent fluid substreams in direc- 
tions substantially normal to said primary direction; 
and a plurality of outlet means disposed to receive 
said plurality of at least partially reacted multicom- 
ponent fluid substreams from said flow-splitting 
means; wherein said method comprises directing 
said single at least partially reacted multicompo- 
nent fluid stream through said inlet means of said 
flow-separation chamber in said primary direction. 



30. A method according to claim 26, wherein said reac- 



16 



EP 0 754 492 A2 




EP 0 754 492 A2 




18 



EP 0 754 492 A2 




19 



EP 0 754 492 A2 




20 



EP 0 754 492 A2 




21 



EP 0 754 492 A2 




EP 0 754 492 A2 




23 



EP 0 754 492 A2 




24 



EP 0 754 492 A2 



FIG.9a 
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FIG.lOa 




26 



EP 0 754 492 A2 
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